Abstract. The navigation water flow conditions in fluctuating backwater zone of Ankang hydrojunction not only are influenced by daily regulation flow of Shiquan hydro-junction upstream, but also are influenced by reservoir operation of lower Ankang hydro-junction. The flow in fluctuating backwater zone is characterized not only with the characteristics of mountainous river, but also with the characteristics of reservoir area. At the same time, the reach is a continuous rush curve reach with rapid flows. This paper presents a study of two-dimensional modeling for fluctuating backwater zone of Ankang Hydro-junction, following a sustained research program. A depth-averaged twodimensional mathematical model is established under the orthogonal curvilinear body-fitted coordinate system with staggered grid. The governing equations of flow are discretized with the finite volume method. The computed water level, velocity are verified by field data in the fluctuating backwater zone of Ankang Hydro-junction. It is shown that the flow field in fluctuating backwater zone can be simulated reasonably well. According to the characters of the fluvial process and navigation-obstruction, the regulation method is presented. Based on the aforementioned regulation method, Variations of water level, surface slope and flow velocity, caused by the regulation works in fluctuating backwater zone of Ankang Hydro-junction are analyzed. And finally, the reasonable regulation works are proposed.
Introduction
The fluctuating backwater zone of Ankang Hydro-junction located between the Xuanwo which is 58 km far from the upstream Shiquan Hydro-junction and Hanwang City. The section is 11 km and has 6 rapid shoals. There are a lot of reefs, bed rocks, narrow and rapid shoals with rapids, and there are also sand and cobble shoals. This reach is influenced by both the daily regulation flow of the upstream Shiquan Hydro-junction and the reservoir operation of the downstream Ankang Hydrojunction. The fluctuation amplitude of the water level is large. When the water level is low, the rapid shoals are exposed, which obstructs navigation seriously and needs regulation and maintenance. At the same time, this reach is continuous meandering segment with rapids, which is difficult for research. This article adopts technological method of two-dimensional plane flow mathematical model to research the regulation project scheme for dangers shoals of the reach of fluctuating backwater zone (as shown in Fig.1 ). The regulation goal of this reach is to be reaching Grade VI. The waterway dimension is 1.2 m×22 m×180 m (navigation depth × navigation width × curvature radius). The surface flow velocity is less than 2.5 m/s and the slope is less than 3.0‰.
River Course Profiles and Natural Characteristics of Navigation-obstructing Shoals
The reach of Ankang Reservoir can be classified into fluctuating backwater segment and perennial backwater segment. The fluctuating backwater zone is located between Xuanwo in downstream of Shiquan Hydro-junctionand Hanwang City. The length is 11 km (as shown in Fig.2 ). The reach between Hangwang City and the Ankang Dam is perennial backwater segment. When the water level before dam of Ankang Hydro-junction decreases to 310 m, the fluctuating backwater segment will return to natural river status. There are 6 navigation-obstructing shoal in the reach. They are respectively Boguo Shoal, Yanzi Shoal, Yanzi Stone Shoal, Tongtong Shoal, Tongtong Bay Shoal, and Hanwangcheng Shoal (as shown in Fig.2) The navigation water flow condition of the fluctuating backwater segment is influenced by both the daily regulation flow of the upstream Shiquan Power Station and the reservoir operation of the downstream Ankang Power Station; the water flow has characteristics of both rapid shoals of the mountain river and the river course flow of reservoir region. When the river course is influenced by backwater of Ankang Hydro-junction, the rapid shoals of the river course are submerged, the water flow is gentle and the water surface is open, which are characteristics of waterway of reservoir region; when the water course is not influenced by the regulation of Ankang Hydro-junction, the waterway becomes narrow, the slope flow velocity increases, the rapid shoals are exposed when the water level is low, the navigation channel is changeable, the water depth is seriously insufficient and the slope flow velocity of partial shoal segment is high. Due to the waterway without being regulated, the navigation condition of this reach in dry season is very poor. According to the river characteristics in fluctuating backwater zone of Ankang Hydro-junction, a depth-averaged two-dimensional mathematical model is established under the orthogonal curvilinear body-fitted coordinate system with staggered grid. The governing equations of flow are discretized with the finite volume method.
The computation domain is the reach from Boguo Shoal to Hanwang City Shoal. The computation scope is about 7.5 km (as shown in Fig.2 ). In the computation domain, set 61×251 grid nodes. After orthogonal transformation, the orthogonal curvilinear grid is got (as shown in Fig.3) . The boundary line is the boundary of original river course. The domain under the new coordinate system (ξ,η) corresponding to the orthogonal curvilinear grid is 61×251 rectangular grids. The length of the grid is 20-40 m, and the width is 3-6 m. Under discharge of each class, all the slopes in the navigation channel of the whole reach are less than 3.0‰; among them, the maximum slope is at Yanzi Stone Shoal, and the value is 2.94‰ (under the design discharge); All the slopes of the whole reach have achieved the navigation requirements.
Variations of the flow velocity.
From the computation results (as shown in Fig.4) , we can know that: (1) the water flow regime of the whole reach is smooth, and the transverse flow in the navigation channel is very small; and (2) The flow velocities of each shoals under discharge of each class all decrease to a certain extent, and the maximum values of surface flow velocities of each shoal are all below 2.5 m/s. 
